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Abstract
Background Rituximab (RTX) is effective in maintaining remission in patients with nephrotic syndrome (NS), but a standard
protocol of RTX administration has not been established.
Methods This study was a 2-year multicenter observational study, in which consistent treatments and evaluations were per-
formed. We enrolled pediatric patients with refractory NS between January 2015 and December 2015. RTX infusion was
performed four times at 6-month intervals, followed by mizoribine pulse therapy with early discontinuation of calcineurin
inhibitor (CNI). Primary endpoints were the relapse-free survival rate and the number of relapses after RTX administration.
Secondary endpoints were changes in side effects associated with long-term steroid administration.
Results Twenty-two patients were analyzed. The relapse-free survival rate at 1 year and 2 years was 50 and 46%,
respectively. Twenty-one patients accomplished our protocol and the frequency of relapse was reduced under the
discontinuation of CNI. Although two patients were diagnosed with frequent relapse and/or steroid dependency during
the observation period, the frequency of relapse decreased with each rituximab dose. Statistically significant improve-
ments in all steroid complications were observed in the final examination, but no significant improvements were
observed from 1 to 2 years after RTX administration. One patient had agranulocytosis, and three patients showed
electrocardiographic abnormalities.
Conclusions Our protocol was useful and safe for refractory NS. However, RTX administration four times might have been
excessive in patients who had no relapse by 1 year after the initial RTX administration. Further investigation of the most
appropriate method of RTX administration is required.
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Introduction

Rituximab (RTX) is an effective treatment for children with
refractory nephrotic syndrome (NS) such as frequently relaps-
ing nephrotic syndrome (FRNS) or steroid-dependent ne-
phrotic syndrome (SDNS) [1, 2]. However, most patients ex-
perience relapses with recovery of peripheral B cell counts
[3–5]. Therefore, it was suggested that repeated RTX admin-
istration and post-RTX therapy with immunosuppressive
agents are reasonable treatment options to maintain long-
term remission [6–9].

To date, a number of studies have reported the effectiveness
of RTX administration in patients with refractory NS, al-
though the dose, frequency, and interval of RTX administra-
tion in these studies varied [3, 5, 10–13]. In addition, some of
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these studies were retrospective studies and were conducted in
absence of uniform protocols [14–16]. The method of optimal
RTX administration has not been established. Moreover, the
number of circulating B cells is not necessarily helpful in
predicting relapse when determining the optimal method of
administration, although the recovery of switched memory B
cells may predict relapses [17].

Based on these findings, we designed a protocol consisting
of periodic single-dose RTX administrations every 6 months
for a total of four times followed by mizoribine (MZB) admin-
istration. We aimed to evaluate whether this protocol could be
used as an alternative to the conventional therapy with pred-
nisolone (PSL) combinedwith a calcineurin inhibitor (CNI) for
patients with refractory NS. We also focused on whether this
protocol can improve complications associated with long-term
steroid administration. The purpose of the present study was to
examine the advantages and disadvantages of our protocol,
thereby exploring the optimal method of RTX administration.

Materials and methods

Study design and definitions

This study was a multicenter observational study. We enrolled
patients at five hospitals in Hokkaido, Japan, between January
2015 and December 2015. The definitions of complete remis-
sion, relapse, frequent relapse, steroid dependency, and steroid
resistance were those of the International Study of Kidney
Disease in Children [18]. B cell depletion was defined as a
CD19+ cell count < 10 cells/mm3 using flow cytometry.

Patients

We enrolled pediatric patients with refractory NS who devel-
oped FRNS or SDNS during CNI administration or after dis-
continuation of CNI, and met two or more of the following
four criteria: severe steroid dependency requiring a high dose
of PSL (> 0.5 mg/kg/day) to maintain remission, history of
receiving two or more immunosuppressive drugs, CNI use
for over 3 years, and severe steroid complications such as
cataract, short stature [height standard deviation score (SDS)
< − 3 SD], obesity (obesity index > 30%), low bone mineral
density (BMD) (Z-score < − 2.5 SD), compression fracture or
deformity of the spine, thromboembolism, diabetes, and
osteonecrosis of the femoral head. Patients who had received
RTX before enrollment were excluded from this study.

Therapeutic protocol

All patients were admitted to our hospital for RTX administra-
tion and were monitored for at least 24 h after RTX administra-
tion for infusion reactions. Patients were in complete remission

at the start of each RTX administration. RTX was administered
intravenously in a single dose of 375 mg/m2 body surface area
(maximum 500mg). In order to minimize infusion reactions, we
administered methylprednisolone (1–1.5 mg/kg) intravenously,
and acetaminophen (10 mg/kg, maximum 300 mg) and d-
chlorpheniramine maleate (0.4–2.0 mg depending on the pa-
tient’s age) orally 30 min before RTX infusion. RTX adminis-
tration was performed four times at 6-month intervals. As post-
RTX therapy, MZB was given orally twice a week in a dose of
500 mg on day 1 and 550 mg on day 2. Sulfamethoxazole-
trimethoprim and fluconazole were given to all patients during
the period of B cell depletion for prophylaxis against
pneumocystosis and cryptosporidiosis. Tapering of CNI began
at the time of the first dose of RTX, and the CNI was
discontinued 1 week later. Tapering of PSL began at 2 weeks
after the first dose of RTX with discontinuation 2 to 3 months
later. When patients had a relapse during the study period, they
received 60mg/m2 oral PSL (maximum 60mg) in three divided
doses until proteinuria disappeared for three consecutive days.
Thereafter, PSL was switched to alternate days, and the dose
was gradually tapered every 2 weeks over a 2-month period.

Follow-up

The observation period was 2 years from the initial RTX ad-
ministration. During the period of 6 months from the initial
administration, biochemical and complete blood count (CBC)
tests were performed at 1, 2, and 4 weeks and every month
thereafter. The number of CD19-positive cells was measured
at 1, 2, and 4 weeks and at 2, 4, and 6 months. After 6 months,
the biochemistry and CBC tests and measurement of CD19-
positive cells were performed every 2 to 3 months. Urinalysis
was performed throughout the observation period using a dip-
stick test at home to confirm relapses and remissions. X-ray,
electrocardiogram, respiratory function test, and BMD mea-
surement of the lumbar spine using dual-energy radiograph
absorptiometry were performed during each semiannual hos-
pital stay for RTX administration. In order to detect compli-
cations before RTX administration, echocardiography; ab-
dominal echography; head, spine, and hip joint magnetic res-
onance imaging tests; and oral glucose tolerance test (OGTT)
were performed at the time of hospital stay for the initial
administration. When testing showed abnormal findings, a
re-examination was performed at the completion of the obser-
vation period. Virus antibody titers were determined before
the initial RTX administration and 2 years later. In addition,
the level of human anti-chimeric antibody (HACA) in serum
was measured at the completion of the observation period.

Outcome

A patient was considered to have a relapse if the result of
proteinuria on dipstick was 3+ or more for more than three
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consecutive days, or the patient developed FRNS or SDNS.
Primary endpoints were the relapse-free survival rate, survival
rate without FRNS or SDNS, and the number of relapses after
the start of RTX administration. Secondary endpoints includ-
ed changes in adverse reactions associated with long-term
steroid administration such as short stature, obesity, low
BMD, and diabetes. Height was evaluated using the SDS ob-
tained from the Japanese pediatric standards by age group,
respectively, and obesity was evaluated using the obesity in-
dex which was calculated as 100 × (body weight − standard
body weight) / standard body weight. BMD was measured for
the lumbar spine (L1–L4) by dual-energy X-ray absorptiom-
etry densitometers (Discovery A; Hologic, Inc., USA). The
BMD Z-score provided an estimate of the SDS away from
Bheight age^ and sex for Japanese children [19]. We substitut-
ed Bheight age,^ the age at which a child’s height is the median
height for age on the growth chart, for chronologic age as a
means of adjusting for short stature. Measurements were com-
pared among the time points of before RTX administration,
1 year, and 2 years of administration. Adverse events associ-
ated with RTX administration were also evaluated.

Statistical analysis

The Kaplan-Meier method was used for analysis of relapse-
free survival and the time taken to develop either FRNS or
SDNS. The Wilcoxon signed rank test was performed for
evaluation of changes in the number of relapses during the
2-year period before and the 2-year period after the start of
RTX administration, evaluation of the changes over time in
the side effects of steroid and IgG antibody titer, and compar-
ison of vaccination antibody titers before and after the start of
RTX administration. Significance was set at P < 0.05. As for
the changes over time in the side effects of steroid and IgG
antibody titer, Bonferroni’s correction was applied to compen-
sate for multiple testing. All analyses were performed with
JMP version 11.0 (SAS Institute Japan, Tokyo, Japan).

Results

Study patients

Twenty-five patients with NS were enrolled. Among them,
three patients had SDNS under CNI administration but did
not meet two or more of the criteria. After excluding these 3
patients, 22 patients were included in the analyses. Table 1
shows their background characteristics. In one patient who
had severe steroid dependency, relapse occurred 3 days after
the initial RTX administration during treatment with 50 mg
oral PSL every other day. The physician decided to resume
CNI treatment, which was discontinued after the second RTX

administration. We regarded this patient as treatment failure
(Fig. 1).

Primary endpoints

The relapse-free survival rate at 1 year and 2 years after the start
of RTX administration was 50 and 46%, respectively. One pa-
tient was diagnosed with FRNS/SDNS and one patient with
FRNS during the 2-year observation period. The survival rate
without FRNS or SDNS at 1 year and 2 years was 91 and 86%,
respectively (Fig. 2). The frequency of relapses significantly
decreased from 5.8 times/patient/2 years before the initial
RTX administration, to 1 time/patient/2 years after the start of
RTX treatment (P < 0.001). Although CNI treatment was
discontinued in all patients, no increase in the frequency of
relapses was observed. Relapses were mostly observed within
the first month or beyond 5 months after each RTX administra-
tion, and the frequency of relapses decreased with each RTX
dose (Fig. 3). There were no relapses with steroid resistance.

Steroid complications

Significant improvements in height, weight, and BMD
were observed at 1 year and 2 years compared with the
respective parameter before the initial RTX administra-
tion. No significant improvements were observed from 1
to 2 years after RTX administration, although the trends
for improvement continued (Fig. 4). For the evaluation of
growth stage, the bone age was evaluated in all patients,
although no patient showed closed epiphysis, either at the
start of RTX administration, or at 2 years. Two patients
were diagnosed with diabetes and six patients with predi-
abetes before the initial RTX administration. After 2 years
of treatment, the number of patients with diabetes and
prediabetes decreased to 0 and 5, respectively.

Adverse events

Infusion reactions were observed after 47% (41/88) of the
RTX administrations. All of these reactions were mild with
Common Terminology Criteria for Adverse Event Grade1
(Table 2) and did not require therapeutic interventions includ-
ing medication or reduction of administration rate. Adverse
events are shown in Table 3. The patient with agranulocytosis
was detected by follow-up examination 2 months after the
second RTX administration. He had no symptoms during de-
creasing in granulocyte count and granulocyte count increased
spontaneously. One patient with decrease in granulocytes was
detected after the second RTX administration accompanied by
tonsillitis, which was treated by antibiotics. The other two
patients had no symptoms and were detected by follow-up
examination 3 and 5 months after the first RTX administra-
tion. No recurrence of neutropenia was detected in all these
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patients. Respiratory function tests showed no change in all
patients during the observation period. HACAwas not detect-
ed in any of the patients 2 years after the start of RTX admin-
istration. Serum levels of immunoglobulin did not show

significant decreases at 1 year, but significantly decreased
over the 2-year period. The titers of specific anti-viral antibod-
ies against various vaccinations did not show significant
decreases.

Table 1 Background
characteristics of the patients with
nephrotic syndrome

Characteristics (n = 22) Measurement

Age of starting RTX treatment (years) 11.2 [9.0–13.0]

Age of disease onset (years) 3.9 [2.7–5.4]

Duration of disease (years) 7.3 [3.8–8.9]

Sex

Male 14 (64)

Female 8 (36)

Height for age Z-score − 2.0 [− 0.6–− 2.6]
Degree of obesity (%) 31 [2–68]

Immunosuppressant at starting treatmenta

Cyclosporine + mizoribine 15 (68)

Cyclosporine 6 (27)

Mizoribine 1 (5)

None 0 (0)

Duration of CNI treatment (years) 5.8 [3.5–8.4]

History of immunosuppressant use

Cyclosporine 22 (100)

Mizoribine 19 (86)

Cyclophosphamide 11 (50)

Antihypertensive agents

Lisinopril or telmisartan 10 (45)

amlodipine 9 (41)

Renal histology

Minimal change disease 13 (59)

Focal segmental glomerular sclerosis 3 (14)

Unknown 6 (27)

CNI toxicity 3 (14)

Serum creatinine (mg/dL) 0.39 [0.34–0.48]

Estimated glomerular filtration rate (mL/min/1.73 m2) 117.5 [107.3–131]

History of SRNS 9 (41)

Complications

Cataract/after cataract surgery 8 (38)/3 (14)

short Stature (SDS < − 3SD) 4 (19)

Moderate or severe obesity (obesity index > 30%) 11 (50)

Low bone density (Z-score < − 2.5SD) 6 (27)

Compression fracture or deformity of the spine 2 (10)

Diabetes 2 (10)

Thromboembolism 1 (5)

Number of relapses during 2-year period before starting RTX treatment 5.5 [3–8]

Number of patients with interval between relapse before 1st RTX
administration and 1st RTX administration < 180 days

15 (68)

Data are presented as the median [IQR] or n (%). The estimated glomerular filtration rate was calculated by using
the Japanese creatinine-based equation for children

CNI calcineurin inhibitor, SRNS steroid-resistant nephrotic syndrome, RTX rituximab
a Immunosuppressant (s) that the patients were taking at the time of initial RTX administration
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Transition of B cells

Three patients at the fourth RTX administration had not re-
covered from B cell depletion. In other words, B cells had
been out of depletion at all the other RTX administrations.
The average number of B cells decreased at each RTX
administration.

Discussion

Switching from the conventional treatment to our protocol,
consisting of four periodic single-dose RTX administrations
followed by MZB for refractory NS, showed excellent out-
comes. Patients who received this protocol did not require
resumption of CNI treatment during the study period, al-
though in one patient regarded as treatment failure, discontin-
uation of CNI had been delayed because of early relapse with
severe steroid dependency. In addition, this protocol reduced
the frequency of relapse and improved steroid complications.
Our protocol achieved a 1-year relapse-free survival of 50%,
whereas the previous clinical trial by Iijima et al. reported a 1-
year relapse-free survival of 29% as a result of RTX adminis-
tration every week for a total of four times [5]. In addition, all
patients in that study experienced relapse within 19 months,
whereas our protocol achieved better outcomes with a 2-year
relapse-free survival of 46%. In our study, the patients who
had no relapse within 1 year tended to maintain remission
thereafter. A similar trend was shown in a previous report, in
which repeated RTX administrations led to B cell depletion
for at least 15 months [3]; in patients who undergo repeated

administration of RTX, the presence or absence of relapse
within 1 year after starting RTX administration may be used
to evaluate the response to RTX.

In patients who received our protocol, CNI could be ta-
pered immediately and CNI administration did not need to
be resumed. In most studies, the immunosuppressive agents
were continued for 3 to 6 months or longer after RTX admin-
istration [3, 5, 11, 12], while some studies did not mention the
method of tapering. Ravani et al. reported that once or twice
RTX administration led to remission for 6 to 12 months in
50% of patients with early discontinuation of CNI. On the
other hand, in patients who had a second relapse within
5 months, RTX was additionally administered and CNI

Fig. 2 Kaplan-Meier curves for relapse-free survival (a) and non-FRNS/
SDNS survival (b). a The relapse-free survival rate at 1 year and 2 years
was 50 and 46%, respectively. The patients who had no relapse within the
first year tended to maintain remission thereafter. Most cases of first
relapse occurred before the second rituximab administration. b One pa-
tient was diagnosed with FRNS/SDNS 205 days after the initial rituximab
administration, and one patient was diagnosed with FRNS 365 days after
the initial rituximab administration. In these two patients, relapses during
the second year were not FRNS/SDNS. FRNS frequently relapsing ne-
phrotic syndrome, SDNS steroid-dependent nephrotic syndrome. Dotted
lines show each rituximab administrations

Fig. 1 Flow diagram. The patients with refractory nephrotic syndrome
who showed frequent relapse or steroid dependency during CNI
administration or after CNI discontinuation and who met two or more
of the following four conditions were included in the analysis: severe
steroid dependency requiring high-dose prednisolone (> 0.5 mg/kg/day)
to maintain remission prior to rituximab administration, history of receiv-
ing two or more immunosuppressive drugs, use of CNI for over 3 years,
and severe steroid complications. CNI calcineurin inhibitors
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treatment was resumed [4]. In the present study, RTX admin-
istration reduced the frequency of relapse without resumption
of CNI. Even in the two patients who developed FRNS/SDNS
during the first year, relapses during the second year were not
FRNS/SDNS. Although this could be the result of natural
disease amelioration over time, it might be the long-term ef-
fects of repeated RTX administrations [16].

In the present study, at least five cases suffered relapse
during B cell depletion. Even in these cases, our protocol
was fully effective in achieving reductions in the frequency
of relapse and relieving steroid complications. However,
two of these five cases presented with FRNS/SDNS. RTX
is considered to be relatively ineffective in patients
experiencing relapse during B cell depletion [20]. On the
other hand, two of the five cases experienced early relapse
within 2 weeks of RTX administration. It was reported that
PSL could be discontinued in such cases and RTX was still
effective [7]. In our study, the two patients who experienced
early relapse did not experience any subsequent relapse.
Moreover, the one patient whose treatment had deviated
from our protocol because of early relapse with severe ste-
roid dependency and who was regarded as treatment failure
had only two other episodes of relapse in the 2-year period
and did not show SDNS anymore. With regard to early re-
lapse, it was discussed that the effects of RTX may partially
be due to indirect action mediated by T cells and/or a hu-
moral factor that had been released before RTX

administration [7, 12]. RTX is effective even in patients
with relapses during B cell depletion. The efficacy of RTX
should probably not be assessed based on the episodes of
early relapse.

We did a post-hoc analysis of the risk factors for the first
relapse after the initial RTX administration. All of the follow-
ing conditions were not shown to be a significant risk factor in
univariate analysis using Log rank test: sex, onset age, treat-
ment age, disease duration, number of relapses during 2-year
period before RTX administration, interval between relapse
before the first RTX administration and the first RTX admin-
istration < 180 days, history of SRNS, and duration of CNI
treatment.

One characteristic of our protocol is pulsatile adminis-
tration of MZB which was used as post-RTX therapy. In
Japan, mycophenolate mofetil is not covered by national
health insurance for NS, and MZB is often used as a
purine metabolic inhibitor in renal disease treatment and
renal transplantation. It has been reported that the admin-
istration of high-dose MZB is effective in suppressing
relapses of NS, and more importantly, it has few side
effects [21–24]. Although MZB may have contributed in
part to the favorable outcomes obtained in the present
study, further examination is required.

Regarding steroid complications, statistically significant
improvements in height, weight, and BMD were observed in
the present study. However, in terms of obesity and BMD,

Fig. 3 a Comparison of the
number of relapses during the 2-
year period before the initial ri-
tuximab administration and dur-
ing the 2-year period after the
initial rituximab administration.
Although calcineurin inhibitor
was discontinued in all patients,
no increase in the frequency of
relapse was observed. b Total
number of relapses after each ri-
tuximab administration in the 22
patients. The frequency of relapse
during rituximab administration
decreased with each rituximab
dose. c Timing of relapse in the
intervals between consecutive ri-
tuximab administrations.
Relapses were mostly observed
within the first month or beyond
5 months after each rituximab
administration. Relapses beyond
5 months from rituximab admin-
istration were associated with B
cell recovery
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some cases showed little improvement or exacerbation despite
discontinuation of PSL. In these patients, it was considered
that multiple factors including diet and exercise were in-
volved. There are no safe and effective agents for pediatric
osteoporosis; therefore, reduction in the dose of PSL is key to
prevention of osteoporosis [25].

There has not been a comprehensive report on the results of
OGTT in pediatric patients with refractory NS. In the present
study, all of the patients with prediabetes had normal fasting
blood glucose levels but abnormal OGTT results. In addition,
among the five cases with prediabetes at the completion of the
observation period, one did not experience relapse during the
2-year observation period, and three experienced relapse only
once during the first year of RTX administration. In spite of the
very short period of steroid use, they still had impaired glucose
tolerance at the end of the study.Moreover, two other cases had
impaired insulin secretion based on the insulinogenic index,
indicating a risk for developing diabetes. Prediabetes is a ste-
roid complication that can be easily missed, and a long amount
of time may be required for improvement after discontinuation
of PSL, or the prediabetes may be irreversible [26, 27]. As in
the case of low BMD, prevention through reduction in the dose
of PSL is considered to be important.

Regarding adverse events, the observed infusion reac-
tions were all mild and severe infection was not obvious.
However, attention should be paid to agranulocytosis as
reported previously [28]. In addition, three patients showed
an abnormal electrocardiogram. The electrocardiographic
abnormalities were observed on the day after RTX admin-
istration and disappeared during the 6-month period prior to
the next administration and the echocardiography showed
no findings of abnormality. As a result, we concluded that
the electrocardiographic findings were transient changes of
little clinical significance. Nevertheless, such changes re-
quire careful monitoring as cardiomyopathy, arrhythmia,
and ischemic heart disease following RTX administration
have been reported previously [29, 30]. Although there
was a concern about increased risk for HACA production
[14, 31], HACAwas not detected in any of the patients in the
present study. Previous studies reported the detection rate of
HACA to be 9.2 to 40% among cases of rheumatoid arthri-
tis, systemic lupus erythematous, and membranous

Fig. 4 Changes in side effects of steroid. Changes in the a obesity index, b
Height SDS, and cBMDZ-score before the initial rituximab administration
and 1 year and 2 years after the initial rituximab administration. The five
horizontal bars represent the maximum value, 75th percentile, median, 25th
percentile and minimum value in range from 75th percentile + 1.5 × IQR to
25th percentile − 1.5 × IQR. Dots represent outliers. The median height
SDS improved to − 1.3 SD, the median obesity index improved to − 3%,
the median BMD Z-score improved to − 1.4 SD at 2 years after the initial
RTX administration. The obesity index was calculated by the following
method: obesity index (%) = 100 × (body weight − standard body weight)
/ standard weight. The normal range for the obesity index is − 20 to 20%.
RTX rituximab, BMD bone mineral density, SDS standard deviation score

R
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nephritis, and 12% among NS cases [5, 31–34]. The dis-
crepancy might be due to the use of MZB as post-RTX
therapy. Although RTX did not seem to directly induce de-
creased IgG levels in other studies [7, 35], our patients
showed a significant decrease in IgG level over the 2-year
period. Our protocol might inhibit production of de novo
antibody. However, various specific anti-viral antibodies
were maintained during the 2-year observation period.

One limitation of the present study is that it was an obser-
vational study with no control group. In order to minimize
bias, a standardized protocol was used for treatment in patients
who met specific inclusion criteria, and the therapeutic effects
and adverse events were evaluated in a prospective manner.
One challenge of a clinical study on NS is that it is not easy to
objectively evaluate the cause of NS and disease progression,
resulting in patient heterogeneity. Nevertheless, our subjects
were refractory cases in which it had been difficult to discon-
tinue PSL and CNI prior to starting RTX therapy, and are
comparable to subjects in existing reports in terms of back-
ground characteristics.

A potential problem in our protocol is that theRTXdosing
of four times might have been excessive in some patients.
Although it is not clear whether the disease amelioration
was the result of the natural course of the disease or the ther-
apeutic effect of RTX, long-term remission was maintained
for many years with once or twice of RTX administration in
10 to 20% of cases [4, 7]. In the present study, the patients
with no relapse by 1 year after the initial RTX administration
may not have needed additional RTX administrations. The
trend of the improvement in side effects of steroid might
justify this. There is also the concern of a possible impact
on immune function in children during their development,
although B cells recovered following each RTX administra-
tion in most cases treated with our protocol. The safety of
repeated dosing of five times or more of RTX has yet to be
evaluated, and thus, prolonged repeated dosing is not
recommended.

Although the primary goal is suitable RTX administration
based on the etiology, further investigation is required in terms
of the safe and optimal methods of administration according to
the patient’s clinical course such as patient characteristics and
response to therapy.
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Table 2 Infusion reactions after rituximab (RTX) administration

Infusion reactions (number of patients) (n = 22)

RTX administration 1st 2nd 3rd 4th

Symptoms

Pharyngeal paresthesia 8 6 7 5

Cough 5 4 2 2

Rash 3 3 2 1

Hot flush 3 1 0 0

Abdominal pain 1 2 0 0

Headache 1 1 1 0

Pruritus 2 1 0 0

Dizziness 1 0 1 0

Dyspnea 0 1 1 0

Fever 1 0 0 1

Nausea 1 0 0 0

Patients without
any infusion reaction

10 (45%) 11 (50%) 12 (55%) 14 (64%)

Each patient received four RTX administrations. The number of patients
who developed the indicated symptom after the nth RTX administration is
shown. In addition, the number of patients who had no infusion reaction
at each RTX administrations is also shown, because more than one symp-
tom was observed after one administration in some cases. The frequency
of infusion reactions decreases with the number of administrations

Table 3 Adverse events after rituximab (RTX) administration

Adverse events (number of patients) (n = 22)

Agranulocytosis 1 (4.5%)

Decrease in granulocyte count 3 (13.6%)

Exacerbation of atopic dermatitis 3 (13.6%)

Steroid withdrawal syndrome 1 (4.5%)

Electrocardiographic changea 3 (13.6%)

Infectious episodeb

Influenza virus 8

Mycoplasma 1

Other viral infection 16

a Electrocardiographic change (negative conversion of the T wave, two
cases; ST elevation, one case)
b The total number of patients with infection episodes was 25 during the
observation period (0.57 episodes/person-year). Among them, only the
one patient with mycoplasma infection required hospitalization
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